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~_“/ Approach to Link Inflow and Living Resources
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Source: Montagna et al. 1996, CCBNEP #8 Sources: Alber Estuaries (2002); Palmer et al. Hydrobiologia (2011);
http://cbbep.org/publications/virtuallibrary/ccbnep08.pdf Montagna et al. Hydrological Changes and Estuarine Dynamics (2013)

« Inflow has indirect effects: "Domino Theory”

« Work backwards:
* Link estuary conditions to benthic response \/

« Find optimal inflow to maintain the estuary (safinity and nutrient) conditions /
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1. CLBBASC Work Plan Needs

« Stakeholder needs: CLBBASC Work Plan
e Number 12

 Priority 1 calls for intense literature review
 Priority 6 calls for analysis of commercially important species

 Priority 8 calls for evaluation of achievement of MBHE recommendations

* Number 14 calls for improvement of hydrodynamic models by ensuring input data sets are
correct

» Project Purpose

 Provide an understanding of the relationships between freshwater inflow and habitat in
Lavaca Bay based on long-term monitoring data

 Provide information for consideration by the BBASC and the TCEQ during future rulemaking
related to environmental flow standards for Lavaca Bay
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Lavaca Bay Tasks and Timelines

—

« Obtain and analyze data

 Bioindicator identification

Condition identification
Inflow identification

Time series, autocorrelation, and confounding factors identification
Event identification

Linking inflow events and communities

« Reporting
 Draft Final Report due October 31, 2019 (3 months out)
 Final Report due December 31, 2019

Y N N/



Long-Term Data Sets

TCEQ — Water quality
TPWD - Fisheries, epibenthos, oysters

HRI — Nutrients, salinity, DO, Chl,
sediments, macroinfauna

Formosa — Site specific on water, infauna,
fish

Alcoa, EPA, HRI, TDH — Mercury in
sediments, and fish

TPWD CMD
TCEQ SWQM
Formosa WW Outfalls
HRI Monitoring
TWDB Datasonde
BBEST Reef Nodes
* Gallinipper
Indian Point Reef
Rhodes
* Route 35 Bridge Reef
Workplan Transect Nodes
® North
@ Rt 35 Bridge
@ Gallinipper
® Indian
TxBlend Salinity

27.5961
- 20.0051

- 10.0051
\ 0.00510756
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\/ ~Bioindicators Used by All BBEST's

Bay System Indicator Species
Sabine Lake, 2009 [Eastern oyster, Atlantic rangia,|Blue crab juveniles, Olney bulrush,
Intermediate marsh, Brackish marsh
Galveston Bay, 2009 [Eastern oyster, Atlantic rangia,|{Dermo, Oyster drill, Wild celery, Gulf
menhaden, blue catfish, Mantis shrimp, Pinfish
Brazc- =" °°*7 I
e e ’
os B t, it t be lves, it’s*
UL, ITS NOT ON IValves, IU S
Missii I I b h ab
all benthos!
Nuec _ _ i A __ I
Bays, 2011 blue crab, Atlantic croaker, nutrient cycling, sediment loading
Lower Laguna Madre, 2012 Seagrasses
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\/ -Benthos are Excellent Bioindicators
Because they Cannot Move ~/

 Sessile Functional Gromnrc
Water

5cavenger/Browser Column

» Relatively long-lived

i

e Diverse

« Well known Sub 42

Surfac_e /’/ﬁ’ i

JSPredator

Source: Tenore, K.R. et al. (2006) Journal of Experimental
Marine Biology and Ecology 330: 392-402.
)

« Respond to food from above
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-/ Benthos are Excellent Bioindicators
e Because they are Integrators ~/

—

« Sediments are the
memory of the ecosystem

* Benthos affected first and most

. PRODUCERS CSARBON
* Thus, benthos are integrators @ = e
. . . R
- overlying water column is dynamic \AR;;D( )m’“"’” —_—
« benthos sample and integrate ephemeral | . %Emém b
. A becowrosme ocsa
events over long times scales MATIER

Source: Montagna et al. 1996, CCBNEP #8
http://cbbep.org/publications/virtuallibrary/ccbnep08.pdf /
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\/ \/
— « Benthic macrofauna have been
declining dramatically (> 2 orders of
magnitude) over 20 years in the

Lavaca and Matagorda Bays

Variable Stat Abundance Biomass  Diversity

r 0.43 0.52 0.42
Salinity

p 0.04 0.01 0.05

r 0.03 0.16 0.36

DO
p 0.88 0.49 0.09
r -0.29 -0.36 -0.59
Temperature
p 0.18 0.10 0.004

Source: Pollack et al. Marine Ecology Progress Series (2011)

Some Results — Benthos
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Some Results — Shellfish @)

e . Declines in Blue Crab,

=-0.0585x + 117.08 . : v =0.0125x - 25.05
Blue crab__ trawl L White_shrimp__trawl R* = 0.0184

B0 1985 Vmau 1905 2000  Apogl.R 2 2015 2020




Some Results — Fish @

e ) ) y = 0.0042x - 8.3236
y =-0.0484x + 96.767 Red drum R*=0.002
Southern_flounder R? = 0.2743

< oI ’V\l\/\x _______ il
1995V zV: 2005 | 20f0 Ng20l5[ 2020

- y=0.0489x - 97.761 - y = 0.0271x - 54.256
Spotted_seatrout R?=0.2733 Black_drum R®=0.0862

2020 1980 |
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Some Results — Environmental @

v =-0.0086x + 17.274 y=00257x-51.38
6 ) Surface_Inflow R* = 0.0093 wtemp R*=0.0773
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Some Results — Benthos

« Sampled a site at the Formosa Discharge (FD) from 2007-2009 and 2017

* No difference between FD and our Lavaca Bay stations A and B

P = 0.2950
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Some Results — Inflow/Salinity Standards
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Very Preliminary Conclusions — Lavaca Bay

» Lavaca Bay is changing

« Environmental

» Lower inflow is leading to saltier conditions

* Higher temperatures leading to lower dissolved oxygen
* Biology

 Benthic fish and invertebrates are crashing

« Some species (like sea trout and black drum) like it

» Long-term climate change and freshwater diversion could be causing
declines in water quality



GSA BBASC Work Plan Needs

« Guadalupe Estuary Specific

 Tier 1 Priorities:
 Priority 1 Life Cycle Habitat & Salinity Studies for Key Faunal Species
* Priority 3 Rangia Clam Investigations

« Tier 3 Priorities:
* Nutrient Load & Concentration Monitoring



Importance of Long-Term Research*

——

 Provides a unique perspective on environmental processes, dynamics of
populations and communities of organisms

 Ecological relationships can be obscured in short term studies by common
features such as time lags, natural variability, nonlinear relationships, interactive
drivers, or relatively slow processes

 Led to major scientific discoveries

et \/ &) 17/

*Source: Hampton et al. Limnol. Oceanogr. 64:52-S10 (2019) ~—
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Maintained the Long-Term Program Via Synergies

 First TWDB studies began in 1987 with focus on San Antonio Bay

« Many synergistic projects since then:
« Federal = EPA, NASA, NOAA, NFWF, NSF, USGS
» State = TARP, TRDF, TCEQ, TGLO, TPWD, TXSG
« Other = CBBEP, CCBNEP, LCRA, Private Foundations (3)

 Current Projects Ending in August 2019:

* NOAA — "The Hydrological Switch: A Novel Mechanism Explains
Eutrophication and Acidification of Estuaries”

« NSF — "RAPID: Capturing the Signature of Hurricane Harvey on Texas
Coastal Lagoons” J
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\/ Importance of the Comparative Approach

'

Texas Coast-wide Inflow Gradient Provides a Perfect Natural Experiment

Inflow Balance (1000 ac-ft/month)
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2. Long-Term Analysis Iin 3 basins

~» Complete analyses of long-term benthic archive samples to
evaluate the adequacy of the freshwater inflow standards adopted
as part of the Senate Bill 3 adaptive management process

» Support 3 Basin and Bay Area Stakeholders Committees (BBASC) :

» CL (Colorado and Lavaca Rivers and Matagorda and Lavaca Bays) BBASC

» GSA (Guadalupe, San Antonio, Mission, & Aransas Rivers and Mission,
Copano, Aransas, & San Antonio Bays) BBASC

« NCC (Nueces River and Corpus Christi and Baffin Bays) BBASC

* Draft Final Report October 30, 2019 and Final Report December
31, 2019 -/
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« 3 Estuaries studied since 1987

« Water and sediment quality
measured at fixed stations

» Image of turbidity gradients
after a flooding event

11.6.2002
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\/ Benthic/FWI Long-term Studies (1986-2019)
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~ Salinity Variability Drives Integrity o
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Current Discoveries — Benthos are Declining
~  Everywhere Except Upper San Antonio Bay ~
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Hurricane Harvey — Short-Term View
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-/ Hurricane Harvey — Short-Term View >
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« It was a relatively average climatic period with salinity around 10 psu prior to the
storm. As the storm approached, storm surge pushed salinities over 30 with in-
rushing sea water. Salinities dropped as the storm passed and the rain swollen
rivers began to flow. Salinity dropped to zero within 7 days of the storm.

« Once the rivers started to flow, nutrients and organic matter loading enhanced <~
respiration of coastal blue carbon, and DO started to decline, reaching zero about 9
days after the storm. DO did not recover until 15 days after the storm. e \/

~ \/ - u



'
Harvey
. 60000
N
£
£
9 40000
o
[
o
c
3 20000 -
<
0
| T ! I | | I I I
Jan Mar May Jul Sep Nov Jan Mar May
2017 2018

Date
[Staton AA DB &C oD

Biomass (g/m?)

Harvey

100
)
80 o
£
@©
60 0
©
x
©
40—+ \ =
0
0l
20 - ] e
=
— 4 L
04 p— ’;—_ﬁf I
T T T T T T T T T
Jan Mar May Jul Sep Nov Jan Mar May
2017 2018

Date
[Staton AA OB ©C OD|
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» The freshening and low DO caused a large decline in benthos abundance,

biomass, diversity, and community structure changed
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\/ Hurricane Harvey — Short-Term View

GUADALUPE ESTVARY
Julj 2017

e®

QUARTERLY SAMPLE

Jamurj 2018
GUADALUPE ESTUARY '
October 2017 Bivalves

Rangia cuneata April 2013

Mulinia |atevalis

+
Qaujit cuncata

* The bivalves had an average abundance and size distribution prior to the storm. =
« There was nearly nothing in the sediment for the first five months after the storm. /

« There was a bloom of small Mulinia lateralis and Rang/a cuneata by April 2018. These

N '
grew by July 2018, and a second bloom occurred. (= A\ /
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</ Hurricane Harvey — Long-Term View

Used a forecasting model to
predict Oct2018-Jul2019 and
compared to actual values

Abundance would have went
down anyway, recovery
greater than expected

Biomass would have went
down but not as much, and
spring bloom higher than
expected

Diversity went down more
than expected, but recoved
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_~Very Preliminary Conclusions — Bay Comparisons

« We learn a lot more by comparing bays than looking at them individually

« We jump to the wrong conclusions by looking at the noise (over short terms) rather
than the signal (over long terms)

« Salinity is an important driver:
« Within estuaries along the salinity gradient
« Among estuaries along the coastal climatic gradient
« Over time: seasonally, year-to-year, and events
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__YOU CAN HELP — ASK FOR MORE LAVACA DATA

Archived Sampl
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I have a lot (314 to be exact) of un-analyzed, long-term samples from April 2009
to July 2016, and some post-Harvey samples

I want to fill in the time series to answer some important questions:
» Is the long-term decline still happening?

 Did Lavaca Bay respond to Harvey like San Antonio Bay?
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